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Atherosclerosis: Atherosclerosis: 
An Inflammatory DiseaseAn Inflammatory Disease

••

 

The story extends beyond The story extends beyond 
dyslipidemiadyslipidemia

••

 

“…“…inflammation fuels the inflammation fuels the 
development and progression development and progression 
of atherosclerosisof atherosclerosis…”…”

••

 

A common pathway for A common pathway for 
atherosclerosis risk factorsatherosclerosis risk factors

––
 

Peter Libby, Scientific Peter Libby, Scientific 
American, May 2002American, May 2002





Vascular Disease: A Generalized Vascular Disease: A Generalized 
and Progressive Processand Progressive Process

Unstable
angina 
MI 
Ischemic 
stroke/TIA
Critical leg 
ischemia
Cardiovascular
death

ACS

AtherosclerosisAtherosclerosis

Adapted from Adapted from StaryStary HC et al. HC et al. CirculationCirculation. 1995;92:1355. 1995;92:1355--1374 and 1374 and FusterFuster V. V. VascVasc MedMed. 1998;3:231. 1998;3:231--239.239.

Stable angina               
Intermittent claudication

Thrombosis

Presenter
Presentation Notes
Note: Plavix® (clopidogrel) is not indicated for all the conditions listed on this slide.
Vascular disease is the common underlying disease process for MI, ischemia and vascular death.
Acute coronary syndrome (ACS) is a classic example of the progression of vascular disease to an ischemic event.
ACS (in common with ischemic stroke and critical leg ischemia) is typically caused by rupture or erosion of an atherosclerotic plaque followed by formation of a platelet-rich thrombus.
Atherosclerosis is an ongoing process affecting mainly large and medium-sized arteries, which can begin in childhood and progress throughout a person’s lifetime.
Stable atherosclerotic plaques may encroach on the lumen of the artery and cause chronic ischemia, resulting in (stable) angina pectoris or intermittent claudication, depending on the vascular bed affected.
Unstable atherosclerotic plaques may rupture, leading to the formation of a platelet-rich thrombus that partially or completely occludes the artery and causes acute ischemic symptoms.
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JACC. 2003. Vol. 42; pg. 1149



Evidence for InflammationEvidence for Inflammation

Leukocytes in Earliest LesionsLeukocytes in Earliest Lesions

Expression of Adhesion MoleculesExpression of Adhesion Molecules
VCAM            Bind VCAM            Bind MonocytesMonocytes

ICAM                and TICAM                and T--CellsCells

ChemoattractantChemoattractant Molecules (MCPMolecules (MCP--I)I)
Migration of Migration of MonocytesMonocytes and Tand T--Cells to Cells to IntimaIntima







NEJM. 1999. Vol. 340; pg. 117



Evidence for InflammationEvidence for Inflammation

Macrophage Colony Stimulating Factor (MCSF)Macrophage Colony Stimulating Factor (MCSF)
MonocytesMonocytes Transform into MacrophagesTransform into Macrophages

Macrophages Express Receptors to Scavenge Macrophages Express Receptors to Scavenge 
Oxidized LDL (Foam Cells)Oxidized LDL (Foam Cells)

Cytokines Secreted by TCytokines Secreted by T--CellsCells
Stimulate Macrophages, Endothelial Cells and Stimulate Macrophages, Endothelial Cells and 
Smooth Muscle Cells to Replicate and Elaborate Smooth Muscle Cells to Replicate and Elaborate 
ExtracellularExtracellular MatrixMatrix







NEJM. 1999. Vol. 340; pg. 118
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Inflammation TriggersInflammation Triggers

Oxidized LDLOxidized LDL

Expression of :Expression of :
Adhesion MoleculesAdhesion Molecules

Cytokines Cytokines 
(Interleukins TNF)(Interleukins TNF)

Activate TActivate T--CellsCells

Foam CellsFoam Cells

Reactive OReactive O22 Species Species 
(ROS)(ROS)

HBP             HBP             AngiotensinAngiotensin IIII

Elicits Production of ROSElicits Production of ROS

Stimulates Release of   Stimulates Release of   

ILIL--6, MCP by SMC6, MCP by SMC’’ss

VCAM on Endothelial VCAM on Endothelial 
CellsCells

SMC Hypertrophy SMC Hypertrophy 



Inflammation TriggersInflammation Triggers

DMDM
CytokinesCytokines

ROSROS

ObesityObesity
Insulin ResistanceInsulin Resistance

Adipose Tissue Adipose Tissue 
Produces CytokinesProduces Cytokines

Free Fatty Acids        Free Fatty Acids        
ROSROS

SmokingSmoking
OO22 (ROS)(ROS)

InfectionsInfections
Chlamydia         Chlamydia         

EndotoxinEndotoxin

 
in Plaquesin Plaques





Development and Progression of Development and Progression of 
AtherosclerosisAtherosclerosis

Each Lesion is Different Stage of InflammationEach Lesion is Different Stage of Inflammation
Trigger Induced Endothelial DysfunctionTrigger Induced Endothelial Dysfunction

Fatty Streak Fatty Streak –– Earliest LesionEarliest Lesion

((MonoctyeMonoctye

 

Derived Macrophages / Foam Cells and T Lymphocytes)Derived Macrophages / Foam Cells and T Lymphocytes)

[Ongoing Insult]                                [Reso[Ongoing Insult]                                [Resolution]lution]

Altered Homeostatic PropertiesAltered Homeostatic Properties
Increased PermeabilityIncreased Permeability
Leukocyte and Platelet AdhesionLeukocyte and Platelet Adhesion
Expression of Expression of VasoactiveVasoactive MoleculesMolecules
ProcoagulantProcoagulant PropertiesProperties

[Ongoing Insult]                           [Resolution[Ongoing Insult]                           [Resolution]]



Development and Progression of Development and Progression of 
AtherosclerosisAtherosclerosis

Migration and Proliferation SMCMigration and Proliferation SMC’’ss
Fibrous CAPFibrous CAP
Remodeling and Remodeling and DilitationDilitation of Vessel and of Vessel and MaintainenceMaintainence of Lumen of Lumen 
DiameterDiameter

[Ongoing Insult]                      [Resolution][Ongoing Insult]                      [Resolution]

Migration and Activation of Macrophages and T CellsMigration and Activation of Macrophages and T Cells
Release of Cytokines, Growth FactorRelease of Cytokines, Growth Factor





NEJM. 1999. Vol. 340; pg. 119





Progression of Lesions and Acute Progression of Lesions and Acute 
Coronary SyndromesCoronary Syndromes

Recurrent Cycles of InsultRecurrent Cycles of Insult
Recruitment of more LeukocytesRecruitment of more Leukocytes
Migration and Proliferation SMCMigration and Proliferation SMC’’ss
Deposition of Deposition of ExtracellularExtracellular MatrixMatrix
Lesion Intrudes into LumenLesion Intrudes into Lumen

Focal Necrosis 2  Release of EnzymesFocal Necrosis 2  Release of Enzymes

Fibrous Cap Overlying a Core of Lipid Necrotic TissueFibrous Cap Overlying a Core of Lipid Necrotic Tissue

Vulnerable PlaqueVulnerable Plaque





Progression of Lesions and Acute Progression of Lesions and Acute 
Coronary SyndromesCoronary Syndromes

Vulnerable PlaqueVulnerable Plaque

Plaque RupturePlaque Rupture

Levels of FibrinogenLevels of Fibrinogen

PlasminogenPlasminogen

 

Activator InhibitorActivator Inhibitor

Activated PlateletsActivated Platelets

ClotClot



NEJM. 1999. Vol. 340; pg. 121



Platelet Cascade                    Platelet Cascade                    
in Thrombus Formationin Thrombus Formation

Adhesion1

Platelets

Lipid
core

Collagen
GP la/lla bind

von Willebrand
Factor/GP lb bind

Activation2

Thrombin
ADP

5 HT

TXA2 Aggregation3

Fibrinogen
Activated
GP llb/lllaHandin RI. Harrison’s Principles of Internal 

Medicine. 
Vol 1. 14th ed. NY, NY: McGraw-Hill; 1998:339- 
345.

Schafer AI. Am J Med. 1996;101:199-209.

Presenter
Presentation Notes
Platelets play a central role in the development of thrombi and subsequent ischemic events. The process of platelet-mediated thrombus formation involves adhesion, activation, and aggregation.
Within seconds of injury, platelets adhere to collagen fibrils through glycoprotein (GP) Ia/IIa receptors. An adhesive glycoprotein, von Willebrand factor (vWF) allows platelets to stay attached to the subendothelial vessel wall (via GP Ib) despite high shear forces. Following adhesion, platelets are activated to secrete a variety of agonists including thrombin, serotonin, adenosine diphosphate (ADP), and thromboxane A2 (TXA2). These agonists, which further augment the platelet activation process, bind to specific receptor sites on the platelets to activate the GP IIb/IIIa receptor complex, the final common pathway to platelet aggregation. Once activated, the GP IIb/IIIa receptor undergoes a conformational change that enables it to bind with fibrinogen.[1,2] 

Handin RI. Bleeding and thrombosis. In: Fauci AS, Braunwald E, Isselbacher KJ, et al, eds. Harrison’s Principles of Internal Medicine. Vol 1. 14th ed. New York, NY: McGraw-Hill; 1998:339-345. 
Schafer AI. Antiplatelet therapy. Am J Med. 1996;101:199-209. 






Use of Markers of Inflammation Use of Markers of Inflammation 
for Diagnosis and Prognosisfor Diagnosis and Prognosis



CC--Reactive Protein (CRP)Reactive Protein (CRP)

Produced in Liver and Adipose Tissue in Produced in Liver and Adipose Tissue in 
Response to Interleukin Response to Interleukin –– 66
Marker of Inflammation (and More)Marker of Inflammation (and More)
Up Regulates ICAM and VCAMUp Regulates ICAM and VCAM
Induces Release MCPInduces Release MCP
Differentiation of Differentiation of MonocytesMonocytes to Macrophages to Macrophages 
and Foam Cellsand Foam Cells



CRP as a MarkerCRP as a Marker
Marked Elevation with Systemic Inflammation (>15 mg/l)Marked Elevation with Systemic Inflammation (>15 mg/l)

Rheumatoid ArthritisRheumatoid Arthritis
EndocarditisEndocarditis
Inflammatory Bowel DiseaseInflammatory Bowel Disease
TraumaTrauma

Values < 10mg/l Reliable PredictorsValues < 10mg/l Reliable Predictors
Low Degree of Variability in Any One IndividualLow Degree of Variability in Any One Individual

Higher Levels Correlate with Increased Risk Future CVDHigher Levels Correlate with Increased Risk Future CVD
(MRFIT/PHS/MONICA)(MRFIT/PHS/MONICA)

MIMI
CVACVA
PVDPVD
SCDSCD

Stronger Predictor f Events than LDLStronger Predictor f Events than LDL
Known CVD,  CRP Predicts (CARE)Known CVD,  CRP Predicts (CARE)

DeathDeath
Recurrent Vascular EventsRecurrent Vascular Events



NEJM. 2002. Vol. 347; pg. 1558



Circulation. Vol. 105; pg. 1140



Therapeutic ImplicationsTherapeutic Implications
 PHSPHS

Aspirin Reduced Risk for MIAspirin Reduced Risk for MI
MostMost

 
in Patients with Highest CRPin Patients with Highest CRP

(And Therefore (And Therefore MostMost
 

Inflammation)Inflammation)
SUGGESTS:

AntiAnti--Inflammatory Properties of ASA may Inflammatory Properties of ASA may 
Contribute to Prevention of CVDContribute to Prevention of CVD



CARECARE
 ((CCholesterol holesterol AAnd nd RRecurrent ecurrent EEvents)vents)

400 Patients with Prior MI400 Patients with Prior MI

Measure CRPMeasure CRP

Monitor for Second MI or DeathMonitor for Second MI or Death
Baseline CRP Elevations Correlated with Baseline CRP Elevations Correlated with 

SubequentSubequent EventEvent (Higher CRP        Higher Risk)(Higher CRP        Higher Risk)

PravastatinPravastatin Reduced Risk for Second Event Reduced Risk for Second Event 
Most in Patients with Highest CRPMost in Patients with Highest CRP

Significant Fall in CRP (PostSignificant Fall in CRP (Post--Rx)Rx)





Observations SuggestObservations Suggest

Increased Risk Associated with Evidence for Increased Risk Associated with Evidence for 
Inflammation may be Modifiable by Drug Inflammation may be Modifiable by Drug 
InterventionIntervention

CRP may Prove Useful for Targeting CRP may Prove Useful for Targeting 
Specific TherapySpecific Therapy

Fall in CRP Might Permit Assessment of Fall in CRP Might Permit Assessment of 
Efficacy of Therapy (and Reduction in Risk)Efficacy of Therapy (and Reduction in Risk)





V-Protectant:  Novel Therapeutic for the
Treatment of Atherosclerosis

Oxidative Signals

High LowNormal

Redox-Sensitive
Signaling Pathways and 
Transcriptional Factors

Normal

Chronic InflammationChronic Inflammation
Vascular DysfunctionVascular Dysfunction

VCAMVCAM--1 Gene Expression1 Gene Expression
MCPMCP--1 Gene Expression1 Gene Expression

SMC ProliferationSMC Proliferation

Vascular ProtectionVascular Protection
AntiAnti--Inflammatory EffectsInflammatory Effects

Inhibition of VCAMInhibition of VCAM--11
Antioxidant ActivityAntioxidant Activity

AGIAGI--10671067
TherapyTherapy

Risk Factors
For Atherosclerosis

ARISE InvestigatorsARISE Investigators’’ Meeting, July 12, 2003Meeting, July 12, 2003



























Our current tests for Our current tests for dxdx
 

CADCAD

Stress test  60% accurateStress test  60% accurate
Cardiac SPECT ImagingCardiac SPECT Imaging

40% have Attenuation Defects40% have Attenuation Defects
Sensitivity 87%Sensitivity 87%
Specificity 75%Specificity 75%

Nuclear stress test (functional test) 80Nuclear stress test (functional test) 80--85% 85% 
accurate, diagnosis Ischemiaaccurate, diagnosis Ischemia------good prognostic good prognostic 
predictorpredictor



Our current tests for Our current tests for dxdx
 

CADCAD
 Cardiac Cardiac CathCath

Cardiac Cardiac CathCath ( ( lumanogramlumanogram) can miss CAD, ) can miss CAD, 
good for % good for % stenosisstenosis
~25% are Normal~25% are Normal
~8 Million ~8 Million CathsCaths/yr at $4000/Cath/yr at $4000/Cath
~$4 Billion/yr ~$4 Billion/yr 



Ischemia

Plaque

Lumen



39 y.o. female with 3 months of heartburn and exertional chest pressure.   
Risks: HTN, Chol and Smoker.





Courtesy of University of Erlangen, Germany

Soft Plaque Soft Plaque ––
 

RCA OriginRCA Origin
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LV

LA

PA
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RV

LAD

LIMA

Presenter
Presentation Notes
A 65 year old gentleman with severe coronary artery disease and coronary artery bypass grafting surgery with the left internal mammary artery (LIMA) to the left anterior descending (LAD) artery. Multi-slice computer tomography coronary angiography was performed using Siemens Sensation 16 ® scanner. A total of 120 ml of iodine contrast (Optiray® 320) was administered. Scanning was performed with a single twenty second breath-hold, a temporal acquisition window of 210 ms and retrospective ECG–gated reconstruction. Volume data sets were selected at mid-diastole and images with an effective reconstructed slice thickness of 1 mm were obtained.  The image data sets were transferred to a dedicated workstation (Aquarius.TeraRecon ®).  Post-processing techniques included volume rendering, multi-planar reformation images and virtual angioscopy.  
 
Figure 1 and Movie I. Three Dimensional image of the heart generated by Volume Rendering technique. The course and patency of the left internal artery mammary (LIMA) graft is clearly visualized from its origin to the native grafted vessel (LAD). Other structures labelled, AO:Aorta; PA:Pulmonary Artery: RV: Right Ventricle; LA: Left Atrial Appendage; LV: Left Ventricle.



GRAFT  PATENCY  EVALUATION
Venous By-pass Graft

SVG to LAD
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